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LOW K DIELECTRIC COMPOSIT E LAYER FOR INTEGRATFD CIRCUIT 
STRUCTUR E WHICH PROVIDES VOTD-FREE LOW K DIELECTRIC MATERIAL 
BETWEEN METAL LINES W HILE MITIGATING VTA POTSONTMH 

BACKGROUND OF THF. INVENTION 
1. Field of the Invention 

This invention relates to integrated circuit structures. More particularly, this invention relates 
to the formation of a composite low k dielectric layer over and between metal lines of an 
integrated circuit structure. 




2. Description of the Related Art 

In the continuing reduction of scale in integrated circuit structures, both the width of metal 
interconnects or lines and the horizontal spacing between such metal lines on any particular 
level of such interconnects have become smaller and smaller. As a result, horizontal 
capacitance has increased between such conductive elements. This increase in capacitance, 
together with the vertical capacitance which exists between metal lines on different layers, 
results in loss of speed and increased cross-talk. As a result, reduction of such capacitance, 
particularly horizontal capacitance, has received much attention. One proposed approach to 
solving this problem of high capacitance is to replace the conventional silicon oxide (Si0 2 ) 
dielectric material, having a dielectric constant (k) of about 4.0, with another dielectric 
material having a lower dielectric constant to thereby lower the capacitance. 

In an article by L. Peters, entitled "Pursuing the Perfect Low-K Dielectric", published in 
Semiconductor International, Volume 21, No. 10, September 1998, at pages 64-74, a number 
of such alternate dielectric materials are disclosed and discussed. Included in these dielectric 
materials is a description of a low k dielectric material having a dielectric constant of about 
3.0 formed using a chemical vapor deposition (CVD) process developed by Trikon 
Technologies of Newport, Gwent, U.K. The Trikon process is said to react methyl silane 
(CH 3 -SiH 3 ) with hydrogen peroxide (H 2 0 2 ) to form monosilicic acid which condenses on a cool 
wafer and is converted into an amorphous methyl-doped silicon oxide which is annealed at 
400°C to remove moisture. The article goes on to state that beyond methyl silane, studies 
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show a possible k of 2.75 using dimethyl silane in the Trikon process. The Peters article 
further states that in high density plasma CVD (HDP-CVD), dielectric material formed from 
methyl silane or dimethyl silane and 0 2 can provide a k as low as 2.75; and that trimethyl 
silane, available from Dow-Corning, can be used to deposit low-k (2.6) dielectric films. 

The use of this type of low k material has been found to result in the formation of void-free 
filling of the high aspect ratio space between parallel closely spaced apart metal lines with 
dielectric material having a lower dielectric constant than that of convention silicon oxide, 
thereby resulting in a substantial lowering of the horizontal capacitance between such adjacent 
metal lines on the same metal wiring level. 

However, the substitution of such low k dielectric materials for conventional silicon oxide 
insulation has not been without its own problems. Formation of the low k carbon doped 
dielectric material by the Trikon process is much slower than the conventional formation of 
undoped silicon oxide dielectric material. For example, in the time it takes to form a layer 
of low k dielectric material by the Trikon process on a single wafer, it may be possible to 
deposit a conventional dielectric layer of the same thickness on as many as 5 wafers. 

However, even more importantly, it has been found that the subsequent formation of vias, or 
contact openings, through such low k dielectric material to the underlying conductive portions 
such as metal lines, or contacts on an active device, can contribute to a phenomena known as 
via poisoning wherein filler material subsequently deposited in the via, such as a titanium 
nitride liner and tungsten filler material, fails to adhere to the via surfaces. Apparently the 
presence of carbon in the low k dielectric material formed by the Trikon process renders the 
material more susceptible to damage during subsequent processing of the structure. For 
example, contact openings or vias are usually etched in the dielectric layer through a resist 
mask. When the resist mask is subsequently removed by an ashing process, damage can occur 
to the newly formed via surfaces of the low k material resulting in such via poisoning. 

As mentioned above in the Peters article, high density plasma (HDP) has also been used to 
form void-free low k dielectric material. In this process, a high density plasma is used with 
methyl silane or dimethyl silane and 0 2 to form a low k silicon oxide dielectric layer having 
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a dielectric constant said to be as low as 2.75. However, the deposition rate of HDP low k 
dielectric material is similar to that of the Trikon process, making it also not economically 
attractive for the formation of a layer of low k dielectric material. 

It has also been proposed to deposit low k silicon oxide dielectric material by other processes 
such as by plasma enhanced chemical vapor deposition (PECVD), using CH 4 and/or C 4 F 8 
and/or silicon tetrafluoride (SiF 4 ) with a mixture of silane, 0 2 , and argon gases. Plasma 
enhanced chemical vapor deposition is described more fully by Wolf and Tauber in "Silicon 
Processing for the VSLI Era", Volume 1-Process Technology (1986), at pages 171-174. 

While the formation of a low k silicon oxide dielectric material by PECVD is much faster than 
the formation of the same thickness low k silicon oxide dielectric layer by the Trikon or HDP- 
CVD processes (i.e., at rates approaching the deposition rate of conventional silicon oxide), 
low k silicon oxide dielectric material deposited by PECVD has poor filling characteristics in 
high aspect ratio regions, resulting in the formation of voids in the dielectric materials 
deposited by PECVD in the spaces between the closely spaced apart metal lines in such 
structures. 



pending application Docket No. A3-4318, entitled "LOW DIELECTRIC CONSTANT 
SILICbNOXIDE-BASED DIELECTRIC LAYER FOR INTEGRATED CIRCUIT 
STRUCTURfes-v^HAVING IMPROVED COMPATIBILITY WITH VIA FILLER 
MATERIALS, ANDM«THOD OF MAKING SAME", was filed by one of us with others 
on the same date as this applicatfeq^and is assigned to the same assignee as this application. 
The subject matter of Docket No. A3^?is hereby incorporated by reference. In one 
embodiment in that application, low k sil^ri^dedielectric material having a high carbon 
doping level is formed in the high aspect regions betw^closely spaced apart metal lines and 
then a second layer comprising a low k silicon oxide dielectric^mateml having a lower carbon 
content is then deposited over the first layer and the metal lines. Ho^v^mce both layers 
are formed by the Trikon process, the deposition rate does not radically change> 

}y /Copending application Docket No. 99-060 emitted "INTEGRATED CIRCUIT STRUCTURE 
^/ HAVING LOW DIELECTRIC CONSTANtViATERIAL AND HAVING SILICON 
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OXYmTRIDE CAPS OVER CLOSELY SPACED APART METAL LINES" was also filed 
by one ofV with others on the same date as this application and is assigned to the same 
assignee as thXapplication. The subject matter of Docket No. 99-060 is also hereby 
incorporated by refetence. In that application, a layer of silicon oxynitride (SiON) is formed 
over the top surface oTthe metal lines to serve as an anti-reflective coating (ARC), a hard 
mask for the formation of th>metal lines, and a buffer layer for chemical mechanical polishing 
(CMP). Low k silicon oxide dielectric material having a high carbon doping level is then 
formed in the high aspect regions betWeen clo^ly>spaced apart metal lines up to the level of 
the silicon oxynitride. CMP is then appWj to planarize the upper surface of the low k 
carbon-doped silicon oxide dielectric layer, uS^gAe SiON layer as an etch stop, i.e., to bring 
the level of the void-free low k silicon oxide diele^ric layer even with the top of the SiON 
layer. A conventional (non-low k) layer of silicon oxide dielectric material is then deposited 
by plasma enhanced chemical vapor deposition (PECVD)Wr the low k layer and the SiON 
layer. A via is then cut through the second dielectric layerand the SiON to the top of the 
metal line. Since the via never contacts the low k layer between the^ metal lines, via poisoning 
due to exposure of the low k layer by the via does not occur. 

It would, however, be highly desirable to provide a structure having a low k dielectric layer, 
and process for making same, wherein a composite layer of low k dielectric material can be 
formed having void-free filling characteristics for high aspect ratio regions between closely 
spaced apart metal lines while mitigating the poisoning of vias subsequently formed in the low 
k dielectric material and with less reduction of throughput in the deposition apparatus, using 
a process wherein all steps used to form such a composite layer could be carried out in the 
same vacuum processing apparatus. That is, the deposition steps could be carried out, for 
example, in multiple stations or multiple chambers in the same vacuum apparatus, to decrease 
contamination of the deposited materials as well as to improve the processing economics, 
including equipment investment and required space. 



SUMMARY OF THE INVENTION 
In accordance with the invention, a composite layer of low k silicon oxide dielectric material 
is formed on an oxide layer of an integrated circuit structure on a semiconductor substrate 
having closely spaced apart metal lines. The composite layer of low k silicon oxide dielectric 
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material exhibits void-free deposition properties in high aspect ratio regions between the 
closely spaced apart metal lines, deposition rates in other regions comparable to standard k 
silicon oxide, and reduced via poisoning characteristics. The composite layer of low k silicon 
oxide dielectric material is formed by depositing, over the oxide layer and in high aspect ratio 
regions between the closely spaced apart metal lines, a first layer of low k silicon oxide 
dielectric material exhibiting void-free deposition properties until the resulting deposition of 
low k silicon oxide dielectric material reaches the level of the top of the metal lines on the 
oxide layer. A second layer of low k silicon oxide dielectric material, having a faster 
deposition rate than the first layer, is then deposited over the first layer up to the desired 
overall thickness of the low k silicon oxide dielectric layer. In a preferred embodiment, the 
steps to form the resulting composite layer of low k silicon oxide dielectric material are all 
carried out in a single vacuum processing apparatus without removal of the substrate from the 
vacuum apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a fragmentary vertical cross-sectional view of an integrated circuit structure having 
an oxide layer formed thereon with metal lines formed over the oxide layer. 

Figure 2 is a fragmentary vertical cross-sectional view of the structure of Figure 1 after having 
a base layer of dielectric material deposited over the metal lines and oxide layer. 

Figure 3 is a fragmentary vertical cross-sectional view of the structure of Figure 2 after 
deposition of a first layer of low k dielectric material up to the height of the metal lines. 

Figure 4 is a fragmentary vertical cross-sectional view of the structure of Figure 3 after 
deposition of a second layer of low k dielectric material over the first layer of low k dielectric 
material, and further showing a via cut through the second dielectric layer down to the top of 
one of the metal lines. 

Figure 5 is a top section view of a multiple chamber vacuum apparatus useful in the practice 
of the invention. 
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Figure 6 is a fragmentary vertical cross-sectional view of the structure of Figure 3 after a 
chemical mechanical polishing (CMP) of the first layer of low k dielectric material deposited 
over the metal lines and oxide layer in accordance with a second embodiment of the invention. 

Figure 7 is a fragmentary vertical cross-sectional view of the structure of Figure 6 after 
deposition of a second layer of low k dielectric material over the polished first layer of low 
k dielectric material, and further showing a via cut through the second dielectric layer down 
to the top of one of the metal lines. 

Figure 8 is a flowsheet illustrating the process of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention, in its broadest form, comprises a composite layer of low k silicon oxide 
dielectric material formed on an oxide layer of an integrated circuit structure wherein the 
composite layer exhibits void-free deposition properties in high aspect ratio regions between 
closely spaced apart metal lines, deposition rates in other regions comparable to standard k 
silicon oxide, and reduced via poisoning characteristics. The composite layer of low k silicon 
oxide dielectric material is formed by depositing over the oxide layer and the metal lines a first 
layer of a low k silicon oxide dielectric material exhibiting void-free deposition properties in 
high aspect ratio regions between closely spaced apart metal lines until the resulting deposition 
of low k silicon oxide dielectric material reaches the level of the top of the metal lines on the 
oxide layer. A second layer of low k silicon oxide dielectric material, having a faster 
deposition rate than the first dielectric layer, is then deposited over the first layer up to the 
desired overall thickness of the low k silicon oxide dielectric layer. 

The term "low k", as used herein, is intended to define a dielectric constant of a dielectric 
material of 3.5 or less. Preferably, the dielectric constant of a "low k" material will be 3.0 
or less. 

The term "void-free", as used herein to describe the absence of voids in the first layer of low 
k dielectric material formed in the high aspect region between the metal lines, is intended to 
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define a material have no voids therein discernable in cross-sections using scanning electron 
microscopy (SEM). 

Referring now to Figures 1-4, the preferred process of the invention will be described. Figure 
1 shows a previously formed integrated circuit structure 2 formed on and in a semiconductor 
5 substrate (not shown) with an insulation layer 10, such as an oxide layer (e.g. , silicon oxide), 
formed over integrated circuit structure 2. Insulation layer 10 may be formed over an 
underlying layer of metal interconnects (metal lines) forming a part of integrated circuit 
structure 2, or oxide layer 10 may be formed directly over devices such as, for example, MOS 
transistors, formed in the semiconductor substrate. Several parallel and closely spaced apart 
|p metal lines 14a-14c are shown formed over insulation layer 10. Metal lines 14a-14c normally 
will comprise a stack of conductive layers of metals and metal compounds such as, for 
example, a stack containing a titanium bottom layer, a titanium nitride layer, an aluminum (or 
aluminum/copper) main layer, and a titanium nitride capping layer, wherein each layer serves 
a specific purpose and the stack collectively functions to electrically connect one portion of the 

?3J5 integrated circuit structure with another portion. By way of example, metal line 14a is shown 

I*J . 

U m Figure 1 connected to the underlying integrated circuit structure 2 by a via or contact 

si? 

jij opening 18 filled with a conductive material such as tungsten. 



m 

as 
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In Figure 2, metal lines 14a- 14c and insulation layer 10 are shown covered with a thin 
conformal barrier layer 20 of insulation such as a thin layer of conventional (standard k) 

20 silicon oxide deposited by plasma enhanced chemical vapor deposition (PECVD). Barrier 
layer 20 serves to isolate the first low k dielectric layer to be applied over barrier layer 20 
from underlying oxide layer 18 and metal lines 14a-14c. Base layer will range in thickness 
from a minimum thickness of about 50 nanometers (nm) which is sufficient to provide the 
desired metallurgical separation up to a maximum thickness of about 500 nm. Barrier layer 

25 20 may be thicker, but it will be appreciated that since barrier layer 20 does not comprises low 
dielectric material, the use of thicknesses greater than the minimum needed to separate oxide 
layer 18 and metal lines 14a- 14c from the first low k dielectric layer will have an adverse 
effect on the overall capacitance of the structure. 
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After deposition of barrier layer 20 over metal lines 14a-14c and oxide layer 18, the first layer 
24 of low k silicon oxide dielectric material is deposited over the structure to form void-free 
low k dielectric material 24a and 24b respectively in the high aspect regions between closely 
spaced apart metal lines 14a-14c. The low k dielectric material and process used to fill these 
regions must be capable of forming void-free dielectric material having a dielectric constant 
of 3 or less in openings having a high aspect ratio of at least 2.5. 



iio 
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SiMi void-free low k silicon oxide dielectric material may be deposited by reacting hydrogen 
peroxid^v^tha carbon-substituted silane such as methyl silane, as described in Dobson U.S. 
Patent No. 5,874^6iSahesubject matter of which is hereby incorporated by reference. The 
void-free low k silicon oxide dielectric material may also be deposited by reacting a mild 
oxidant such as hydrogen peroxide withti^^bon-substituted silane materials disclosed in 
Aronowitz et al. Serial No. 09/274,457, filed on MarcH^i,^1999, and assigned to the assignee 
of this application, the subject matter of which is also herebynteoi^orated by reference. 

Alternatively, the void-free low k dielectric material may be formed by using a high density 
plasma (HDP-CVD) process wherein oxygen (0 2 ) is reacted with either a mixture of silane and 
argon and a carbon-substituted silane, or a mixture of silane and argon and a fluorinated 
silane. High density plasma chemical vapor deposition (HDP-CVD) superimposes a plasma 
deposition process carried out at low frequency power, e.g., 400 kHz, and a sputter etching 
process carried out at high frequency, e.g., 13.56 MHz to provide a void-free deposition. 



20 



Any other deposition process capable of forming void-free low k silicon oxide dielectric 
material in the high aspect ratio regions between closely spaced apart metal lines can be 
substituted for the above-described processes. 



25 



Regardless of which process is used, in accordance with the invention, the void-free low k 
silicon oxide dielectric material is deposited until layer 24 of low k silicon oxide dielectric 
material reaches the height of metal lines 14a-14c. At this point the deposition process is 
halted. This end point may be empirically determined. Failure to deposit sufficient low k 
dielectric material to reach the top of metal lines 14a- 14c may have a negative impact on either 
the absence of voids in the dielectric material or the capacitance developed horizontally 
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between adjacent metal lines. On the other hand, an excessive amount of void-free low k 
silicon oxide dielectric material deposited above the height of metal lines 14a-14c could have 
an adverse effect with regard to via poisoning, as well as lowering the overall throughput time 
for forming the structure. As shown in Figure 3, at 24c-24e, deposition of a slight excess of 
void-free low k dielectric material over the tops of metal lines 14a-14c, however, may be 
unavoidable. Generally, the height of the deposited void-free low k dielectric layer should be 
about ± 50 nm of the height of the metal lines. 

Turning now to Figure 4, a second layer 30 of low k dielectric material is now deposited over 
the entire structure up to the desired thickness of the composite dielectric layer. This second 
layer of low k dielectric material will comprise a low k dielectric material capable of being 
deposited at a rate at least faster than the rate of deposition of the first layer, and preferably 
at a deposition rate comparable to the rate of deposition of conventional (non-low k) dielectric 
materials. For example, a low k carbon and/or fluorine-doped silicon oxide dielectric layer 
may be formed by adding CH 4 and/or C 4 F g and/or silicon tetrafluoride (SiF 4 ) as additives or 
dopants to a mixture of silane, 0 2) and argon gases in a PECVD process to deposit a low k 
silicon oxide dielectric layer at deposition rates comparable to non-low k dielectric materials. 

The total thickness of second dielectric layer 30 will depend on the desired total thickness of 
low k dielectric material in the composite layer (low k dielectric layer 24 and low k dielectric 
layer 30). Many semiconductor dielectric applications require that a thick dielectric film of 
about 1.8 micrometers (/mi) be initially formed and then polished back by CMP to about 700 
nm (7 kA) to provide the required smooth surface for the next layer of metal lines. Thus, 
when the height of metal lines 14a-14c (and, therefore, the height of first low k layer 24 of 
dielectric material) is 560 nm (5.6 kA) and the total desired height of the composite low k 
dielectric layer comprising layer 24 and layer 30 is 1800 nm (18 kA), the height or thickness 
of second low k dielectric layer 30 will be about 1240 nm (12.4 kA). Usually the total 
thickness of the composite low k dielectric layer will range from about 1600 nm (16 kA) to 
about 3000 nm (30 kA), the height of the metal lines will range from about 500 nm (5 kA) to 
about 1200 nm (12 kA), and the thickness of second low k dielectric layer 30 will range from 
about 1000 nm (10 kA) to about 2400 nm (24 kA). 
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After formation of second low k silicon oxide dielectric layer 30, vias are cut through second 
layer 30 down to the underlying metal lines, such as filled via 34 shown in Figure 4 cut 
through layer 30 down to metal line 14b. It will be noted that when the height of first low k 
dielectric layer 24 is slightly above the height of metal lines 14a-14c, vias such as via 34 cut 
through second low k dielectric layer 30 will pass through the portion (e.g., 24c-24e) of first 
low k dielectric layer 24 which is above metal lines 14a-14c. If this portion of low k dielectric 
layer 24 above metal lines 14a-14c is thin, i.e., less than 100 nm (1000 A), any adverse via 
poisoning effects attributable to exposure of this portion of first low k dielectric layer 24 by 
formation of the via should be minimal. 

In the preferred embodiment just discussed and illustrated in Figures 1-4, the steps to form the 
resulting composite layer of low k silicon oxide dielectric material may all be carried out in 
a single vacuum processing apparatus having multiple stations or multiple vacuum chambers. 
This permits the entire process of forming the composite low k dielectric layer to be carried 
out without removal of the wafer from the vacuum apparatus. This provides advantages in 
process economics, since throughput can be increased and only a single vacuum apparatus is 
used, thus providing savings in equipment investment and floor space. Also, by performing 
all of the steps in a single vacuum apparatus, exposure to atmospheric contamination is 
reduced, thus minimizing impact the effects of such atmospheric contamination on film 
properties and particle contamination. 

Figure 5 illustrates a typical commercially available multiple chamber vacuum apparatus such 
as the Endura multiple chamber vacuum apparatus available from Applied Materials, Inc. 
which may be used when the steps of the process are carried out in a single vacuum apparatus. 
The vacuum processing apparatus, the central portion of which is generally indicated at 40, 
is maintained under vacuum by a vacuum pump 110 through a port 100. A semiconductor 
substrate, already having the metal lines formed over an oxide layer, is introduced into the 
vacuum apparatus through a first load lock 50. A robot arm 54 in a central vacuum chamber 
60 moves the semiconductor substrate from load lock 50 through central chamber 60 into a 
first vacuum processing chamber 62 through a slit valve 64. First vacuum processing chamber 
62 could be used, for example, to deposit base dielectric layer 20 over the metal lines and 
oxide layer on the substrate by PECVD. After deposition of barrier layer 20, slit valve 64 is 
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then opened and robot arm 54 removes the coated substrate back to central vacuum chamber 
60. A slit valve 74 on a second vacuum processing chamber 72 is then opened and the 
substrate is placed in the second processing chamber by robot arm 54. In this chamber, void- 
free low k dielectric material is deposited to fill the spaces between the closely spaced apart 
5 metal lines. 

Since this particular deposition step requires more processing time, the next vacuum processing 
chamber 82 may also be used to deposit the void-free low k material between the metal lines, 
i.e., chambers 72 and 82 could be used as parallel processing chambers to process two 
different substrates at the same time - or preferably at staggered but overlapping times. Robot 
JfO arm 54 then removes the substrate from either chamber 72 through slit valve 74, or from 

? i chamber 82 through slit valve 84, and inserts it into vacuum processing chamber 92 through 

=y 

*0 slit valve 94. The second layer of low k dielectric material is then be deposited, e.g., by 

Iff 

s g* PECVD, on the substrate over the metal lines, and over the void-free first layer of low k 
dielectric material between the metal lines until the desired thickness of the composite layer 

fife is reached. This substrate is then removed from chamber 92 and may then be removed from 

1 * - 

1^ the vacuum apparatus for further processing which may, for example, comprise a CMP step 
in preparation for the formation of vias through the composite layer and the formation of a 
flj further layer or level of metal interconnects to be formed over the composite layer. 

Thus, the formation of the barrier layer 20, the void-free first low k dielectric layer 24, and 
20 the second low k dielectric layer 30 can all be carried out in the multiple chambers of the same 
vacuum apparatus, resulting in improvements in both process economics as well as the quality 
of the processing. 

While it is considered to be preferable to carry out all of the deposition steps to form the 
composite low k dielectric layer in a single vacuum apparatus, it is recognized that it may be 
25 desirable, in some applications, to eliminate any portions of the void-free layer on top of the 
metal lines so that vias subsequently formed down to the metal lines will not pass through any 
of the first (void-free) low k dielectric layer. Turning to Figures 6 and 7, this embodiment 
is illustrated. In Figure 6, the structure of Figure 3 is shown after a planarization step, such 
as a CMP step which removes portions 24c-24e of void-free first low k dielectric layer 24' 
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from above metal lines 14a-14c, leaving void-free portions 24a' and 24b'. Of course, this 
requires removal of the substrate from the vacuum deposition apparatus after the step of 
forming void-free first low k dielectric layer 24'. However, as shown in Figure 7, subsequent 
deposition of second low k dielectric layer 30', and formation of vias such as illustrated filled 
via 34' therethrough results in a via which does not pass through any portion of void-free 
dielectric layer 24'. No via poisoning attributable to exposure of layer 24', as a part of the 
side wall of the via, can thus occur in this embodiment. Of course this embodiment, although 
requiring the planarizing step, still enjoys the advantage of the first embodiment of a more 
rapid deposition of the second layer of low k dielectric material, as compared to the deposition 
rate for the formation of the void-free low k dielectric material deposited in the first step when 
depositing void-free low k dielectric layer 24'. 

The following will serve to further illustrate the invention. 



A semiconductor substrate can be provided having an oxide layer thereon with metal lines 
formed over the oxide layer to a metal line thickness (height) of 560 nm, (5.6 kA) and an 
average horizontal spacing between the metal lines of about 270 nm. The substrate, when 
placed in a first plasma CVD 5 liter vacuum deposition chamber, would be maintained therein 
at a pressure of - 350 mTorr and a temperature of 350°C. 150 seem of silane gas, 3500 seem 
of N 2 0, and 1500 seem of N 2 gases would be flowed into the chamber and a plasma can be 
ignited in the chamber at a power level of about 100 watts. The deposition may be continued 
for about 1 1 seconds until a conformal base layer of silicon oxide of about 500 A in thickness 
is formed over the metal lines and the oxide layer. 

The coated substrate can then be moved to a second 5 liter vacuum deposition chamber in the 
same vacuum apparatus (without exposing the substrate to the ambient atmosphere) where 70 
seem of methyl silane, 19 seem of silane, and 0.75 grams/minute of hydrogen peroxide are 
flowed into the chamber, while the chamber is maintained at a pressure of 900 mTorr and a 
temperature of - 5°C. This deposition is carried out for - 40 seconds to fill the high aspect ratio 



Example 
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regions between the closely spaced apart metal lines with void-free low k carbon-doped silicon 
oxide dielectric material. 

The substrate is then moved to a third vacuum chamber in the vacuum apparatus (again 
without exposing the coated substrate to ambient) where further low k silicon oxide dielectric 
5 material is deposited by PECVD over the previously deposited void-free low k carbon-doped 
silicon oxide dielectric material by flowing 150 seem of tetramethyl silane and 500 seem of 
0 2 into a 5 liter vacuum deposition chamber maintained at a pressure of 1000 mTorr and a 
temperature of ~ 17°C . A plasma is ignited in the chamber and maintained at a power of ~ 1000 
watts during the deposition. This deposition may be carried out for 60 seconds to provide a 

lip second low k dielectric layer of about 1400 nm (14 kA). 

O 

*0 The coated substrate can then be removed from the vacuum chamber, planarized by CMP, and 

III 

,f vias may then be formed through the composite low k layer down to the metal lines. The 
substrate may then be examined for completeness of the via filling, i.e., to ascertain the 

O amount of via poisoning. Substantially all of the vias will be found to be filled, indicating that 

hi 

|i5 the formation of the vias through the second layer of low k silicon oxide dielectric material, 

\n 

i.e., that the layer deposited by PECVD, does not contribute to via poisoning. Sectioning of 
Ill the substrate followed by examination of the first low k silicon oxide dielectric layer using 
SEM should reveal the formation of a void-free low k dielectric material deposited in the high 
aspect ratio regions between the closely spaced apart metal lines. 

20 Thus, the invention provides a composite layer of low k silicon oxide dielectric material 
wherein the portion of the composite low k layer of silicon oxide dielectric material deposited 
in the high aspect ratio regions between the closely spaced apart metal lines is void-free, while 
the second portion of the composite low k layer of silicon oxide dielectric material deposited 
above the first portion can be deposited at a much greater deposition rate, yet does not appear 

25 to contribute to poisoning of vias formed through the composite layer. 



Having thus described the invention what is claimed is: 
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1 . A process for forming a composite layer of low k silicon oxide dielectric material on an 
oxide layer of an integrated circuit structure on a semiconductor substrate having closely 
spaced apart metal lines thereon, said composite layer of low k silicon oxide dielectric material 
exhibiting void-free deposition properties in high aspect ratio regions between closely spaced 
apart melal lines, deposition rates in other regions comparable to standard k silicon oxide, and 
without exhibiting via poisoning characteristics, comprising the steps of: 

a) forming over said oxide layer and said metal lines a first layer of low k silicon 

\ 

oxide dielectric material exhibiting void-free deposition properties in high aspect ratio 
regions between said closely spaced apart metal lines, until said low k silicon oxide 
dielectric material reaches the level of the top of said metal lines on said oxide layer; 
and 

b) forming a second layer of low k silicon oxide dielectric material over said first 
layer at a higher deposition rate than said first layer. 

2. The process of claim 1 wherein said steps to form said composite layer of low k silicon 
oxide dielectric material are all earned out in a single vacuum processing apparatus without 
removal of said semiconductor substrate from said vacuum apparatus. 

3. The process of claim 2 wherein said seernifl: laye^is deposited up to the desired overall 
thickness of the composite low k silicon oxide^iii^ctric layer. 



4. The process of claim 2 wherein said first layer d% .low k silicon oxide dielectric material 
exhibiting void-free deposition properties in high aspectWio regions is formed by reacting a 
carbon-substituted silane with a mild oxidant. 

5. The process of claim 4 wherein said mild oxidant comprises\ydrogen peroxide. 

6. The process of claim 4 wherein said carbon- substituted silane is selected from the group 
consisting of monomethyl silane, dimethyl silane, and trimethyl silane/ 
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The process of claim 4 wherein said carbon-substituted silane comprises a carbon- 
subsHtuted silane having only primary hydrogens bonded to the carbon atoms and having the 
formul^\SiH x ((C) y (CH 3 ) z ) (4 _ x) , where x ranges from 1 to 3, y is an integer from 1 to 4 for a 
branched alK^J group and from 3 to 5 for a cyclic alkyl group, and z is 2y + 1 for a branched 
alkyl group ancT2y-l for a cyclic alkyl group. 



8. The process of claims? wherein said first layer of low k silicon oxide dielectric material 
exhibiting void-free depositiorKproperties in high aspect ratio regions is formed by reacting 
oxygen with either a carbon- substituted silane, a fluorine-substituted silane, or a mixture of 
same in a high density plasma. 



9. The process of claim 2 wherein said seconc ^aw of low fe^ilicon oxide dielectric material 
is formed over said first layer by reacting silank*^\n*me or more reactants selected from 
the group consisting of CH 4 , C 4 F 8 , and SiF 4 in a PEC^D process, whereby said second layer 
of low k silicon oxide dielectric material is deposited at a \\gher deposition rate than said first 
layer. 
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SO. A process for forming a composite layer of low k carbon-doped silicon oxide dielectric 
mkerial on an oxide layer of an integrated circuit structure on a semiconductor substrate, said 
composite layer of low k carbon-doped silicon oxide dielectric material exhibiting void-free 
deposition properties in high aspect ratio regions between closely spaced apart metal lines, 
depositiok rates comparable to non carbon-doped silicon oxide, and without exhibiting via 
poisoning characteristics, comprising the steps of: 

a) forming over said oxide layer and said metal lines a first layer of low k carbon- 
doped silicon oxide dielectric material by reacting a carbon-substituted silane reactant 
with hydrogen peroxide until the resulting deposition of low k carbon-doped silicon 

oxide dielectric .material reaction product reaches the level of the top of said metal lines 

\ 

on the oxide layerUo form a low k silicon oxide dielectric material exhibiting void-free 
deposition properties in high aspect ratio regions between said closely spaced apart 
metal lines; and \ 

b) forming a second laye\of carbon : doped low k silicon oxide dielectric material over 
said first layer up to the desired overall thickness of the low k carbon-doped silicon 
oxide dielectric layer by plasma enhanced chemical vapor deposition (PECVD), 
whereby said second layer of lo\k k silicon oxide dielectric material is deposited at a 
higher deposition rate than said first\layer. 

/ 

1 1 . The process of claim 10 wherein steps to fonWsaid composite layer of low k silicon oxide 
dielectric material are all carried out in a siiigle^^uum^ apparatus without removal 

of said semiconductor substrate from said vacuum app&ratus. 



12. The process of claim 11 wherein said second layer of^ow k silicon oxide dielectric 
material is formed over said first layer in said PECVD process*, by reacting silane, 0 2 , and 
one or more reactants selected from the group consisting of CH 4 ^ 4 F 8 , and SiF 4 . 

13. The process of claim 1 wherein after said step of forming said firsMayer of low k silicon 
oxide dielectric material exhibiting void-free deposition properties in highSaspect ratio regions 
between said closely spaced apart metal lines, said first layer is planarizedWior to said step 
of forming said second layer of low k silicon oxide dielectric material. 



DOCKET NO. 99-102 <l 



-17- 

\ 

14. The process of claim 13 wherein said stek^planarizing said first layer of low k silicon 
oxide dielectric material further comprises a ^^g^fmechanical polishing (CMP) step. 

15. A composite layer of low k silicon oxide dielectric material on an oxide layer of an 
integrated circuit structure, said composite layer of low k silicon oxide dielectric material 
exhibiting void-free deposition properties in high aspect ratio regions, deposition rates in other 
regions comparable to standard k silicon oxide, and without exhibiting via poisoning 
characteristics, comprising: 

a) a first layer of low k silicon oxide dielectric material exhibiting void-free deposition 
properties in high aspect ratio regions, deposited until said low k silicon oxide 
dielectric material reaches the level of the top of metal lines on said oxide layer; and 

b) a second layer of low k silicon oxide dielectric material deposited over the first 
layer at a faster rate than the deposition rate of said first layer up to the desired overall 
thickness of the composite layer of low k carbon-doped silicon oxide dielectric 
material. 

16. The composite layer of low k silicon oxide dielectric material of claim 15 wherein said 
first and second layers comprising said composite layer of low k silicon oxide dielectric 
material are all formed in a single vacuum processing apparatus without removal of said 
semiconductor substrate from said vacuum apparatus. 
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17. A composite layer of low k carbon-doped silicon oxide dielectric material on an oxide 
layer of an integrated circuit structure on a semiconductor substrate, said composite layer of 
low k carbon-doped silicon oxide dielectric material exhibiting void-free deposition properties 
in high aspect ratio regions, deposition rates comparable to non carbon-doped silicon oxide, 
and without exhibiting via poisoning characteristics, comprising: 

a) a first layer of low k carbon-doped silicon oxide dielectric material formed by 
reacting a carbon-substituted silane reactant with hydrogen peroxide until the resulting 
deposition of low k carbon-doped silicon oxide dielectric material reaction product 
reaches the level of the top of metal lines on the oxide layer; and 

b) a second layer of carbon-doped low k silicon oxide dielectric material formed over 
said first layer by plasma enhanced chemical vapor deposition (PECVD) up to the 
desired overall thickness of the low k carbon-doped silicon oxide dielectric layer. 
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